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ABSTRACT 


Biochemical  Investigations  of  the  Host-Parasite  Relationship 
of  Mosquitoes  and  the  Parasite  Fungus,  Lsgenidium  giganteuia 

The  study  of  the  utilization  of  sterols  by  the  fungus  Lagenidiun  gigantctsp 
has  been  continued  and  expanded.  The  organism  uses  a wide  range  of  natural  sterols 
and  synthetic  sterols,  v*  ieh  induce  zoospore  formation.  The  antibiotics 
nystatin  and  amphotericin  have  been  shown  to  repress  zoospore  production. 

The  study  of  sterol  utilization  and  metabolism  has  been  initiated,  and  work 
on  general  fungal  physiology  has  been  continued.  It  has  been  noted  that  lipoidal 
substances  seem  to  be  required  for  utilization  of  ammonium  ion.  The  fungus 
protease  has  also  been  further  isolated  and  purified  and  it  seems  to  belong 
to  the  serine,  alkaline  trypsin  class. 

KosquiLo  proteases  have  been  further  analyzed  fro m Culex  piplens  and 
Aedes  epactuls.  Gn  the  basis  of  further  examination  and  study,  it  appears 
that  a new  trypsin  like  alkalophilic  enzyme  is  present.  A new,  more  reliable 
purification  procedure  has  been  developed. 
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Dear  Sixs: 

The  discovery  that  phy tost ere Ls  are  necessary  for  zoospore  production 
of  the  fungal  mosquito  parasite  has  stimulated  and  expanded  our  research 
area.  The  implications  xn  this  research  are  many,  extending  from  enzyme 
study  to  morphogenesis  and  cancer.  At  this  time  ve  have  been  concentrating 
on  acquiring  more  information  on  the  application  and  utilisation  of  these 
sterols  in  zoospore  production  as  is  shown  in  cur  annual  report. 


1.  Phytosterols  and  zoospore  production 
a.  Natural  sterols 

The  identification  of  the  phytosterols  as  the  principal  (and  only) 
requirement  for  the  production  c£  zoospores  in  the  fungus  Latcnidium 
giganteum  facilitated  our  work.  We  found,  that  to  a larje  extent,  nearly 


all  sterols  and  sterols  derivatives  were  uti’Lizable  by  the  fungus.  Table  i, 
which  was  excerpted  from  a paper  submitted  tor  publication  summarizes  the 
data  in  a concise  uann-er.  However,  ir.  order  ‘o  avoid  disputation  concerning 
the  complexity  of  the  PTC  rredivn,  we  ran  two  repeat  sots  using  a defined 
medium  (Gleasons)  and  the  results  of  these  esrerir-ants  art  listed  in  Table  ?. 
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Furthermore,  GLC  analysis  of  PYG  media  shoved  no  sterols  present,  but  only 
•when  sterols  were  added.  The  data  is  totally  convincing,  and  there  is  ho 
doubt  that  this  fungus  must  have  sterols  of  some  hind  in  order  to  produce 
zoospores. 

b.  Synthetic  sterols 

A number  of  synthetic  sterols  have  been  tested  as  shown  in  Table  3, 
plus  a sitosteryl  glucoside.  From  this  dyta  It  can  be  seen  that  the  organ- 
ism utilize  cholesteryl  and  sitosteryl  phosphates,  and  can  use  steryl 
glucosides  as  veil.  The  lag  period  would  indicate  the  hydrolysis  of  the 
latter  substance  and  its  transformation  from  sitosterol  to  x,  an  unknown 
compound.  The  nature  of  the  transformations  will  be  reported  on  in  a later 
section. 

c.  Effect  of  antibiotics 

During  our  study  we  showed  that  nystatin  and  amphotericin  inhibited 
zoospore  production  as  shown  by  Table  4.  ’•iendrix  (personal  co’jmunication) 
feels  that  the  quantities  are  rather  high,  but  Fowlkes  jet  al^  have  used 
these  concentrations,  and  obtained  satisfactory  results. 

d.  Sterol  metabo.1  t in  the  fungus 

We  are  now  able  to  observe  zoospore  production  of  the  fungus  grown 
on  solid  medium.  During  our  zoospore  study  ve  noted  that  sugars  such  as 
glucose,  fructose,  sucrose,  naltcje  or  trehalose  at  concentrations  of 
less  than  O.JM  induced  sporangia  and  zoospores  and.  these  were  readily 
discernible  by  low  power  microscopic  scanning.  Zoospores  ;#ere  forthcoming 
only  on  sterol  supplemented  media  since  PYG  grown  J.ggenidit.m  only  pro- 
duced the  sporangia  extensions,  and  this  indicti^s,  infer  rent  fally  that  the 
sterol  is  primarily  involved  with  the  zoospo.'«v. 
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In  several  investigations  we  have  endeavored  to  trace  the  metabolism 
cf  the  applied  sterol,  but  v?e  have  had  no  success  in  detecting  any  meta- 
bolites stemming  from  the  substrate.  The  big  problem  is  that  the  fungus 
needs  very  'tittle  sterol  to  affect  its  transformation  to  zoospore  induction. 
There  is  also  a problem  in  timing,  that  is  to  say  that  the  fungus  must 
be  actively  neodcuing  zoospores  before  any  transformation  of  sterol  sub- 
strate occurs.  Using  a halophilic  Ijgenidiug.  sp.  which  is  parasitic  on 
Paeneid  shrimp,  we  have  detected  several  unknown  substances  that  appear 
to  be  of  a steroidal  nature.  By  parallel  analogy  we  hope  to  find  these 
substances  in  Lagenidium  giganteum.  The  use  of  tracers  is  also  indicated 
in  these  studies  which  are  being  vigorously  pushed. 


Wi 


0.1  ai  of  Kethylolente,  tristearirt,  and  oils  were  added 
to  the  hot  PYG  agac  medium.  Piiytol  and  squalene  were 
added  at  0.05Z  levels.  WHS,  WSb  extracts  were  prepare 
as  described  and  contained  1 eg  piotein/al . Test 
organism  was  Aedes  epactius.  nc  - w.t  counted. 
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TABLE  2 


Effect  of  various  sterols  on  zoospore  production  by 
L.  gigantfcum  as  measured  by  bioassay. 


Kature  of  Medius 


Sterols  froc  HUS 


f of  Trials 


2 Infect  ion  Range 
(3  day  period) 

50-8S 


Sterol  depleted  v.’HS  oil 


Sterols  from  HSB  oil 


2S-8B 


Sterol  depleted  soy  oil 


Lanos  terol 


G<oles terol 

Des-aos  terol 

Giolestadienc 

Ergos terol 

Campos  t erol. 

Sitosterol 

Stignnstcrol 

Campos terol: stigmas terol 
1:1 

St ignas terol: sites terol 

Sitosterol: caopesterol: 
stigmasterol. 

3:1:1 


40-VS 


52-S7 


72-90 


70-90 


23-53 


32-3S 


0.12  sterol  depleted  oils  were  added  to  J’YC  agar.  Digitorin  precipitated 
sterols  wvre  dissolved  in  either  CHCl -j  or  HeOH  to  give  appro ’cii.it ely  30  j»j 
sterol, /ml  media.  All  authentic  sterols  were  added  H the  level  of  30  , *,/ 
ml  i’YG  media.  Test  larvae  were-  Aedes  sp. 
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TA3LE  3 1 

I 

I 
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The  effect  of  sterols  on  zoospore  production  on 
L.  gigantcuro  grown  on  defined  jaediurs. 


Nature  of  sterol 
supplement 

% 

Infection 
3rd  day 

none 

0 

sitosterol 

22 

eatnpe;;  tcrol 

32 

sitosterol:  csrapesterol: 
stignasterol 
3:1:1 

45 

soy  oil  sterols 

28 

soy  oil 

36 

Authentic,  sterols  and  oils  added  as  indicated 
in  the  text.  Test  species  Cislex . 
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TABLE  4 


The  effect  of  amphotericin  and 
nystatin  on  zoospore  production  as 
measured  by  infection  against  Culox  sp. 


% Infection 

Antibiotic  and  Amount  3rd  day 


0 

85 

100  mg/ml 

Anpho  tericin 

68 

o 

o 

CN 

If 

44 

o 

o 

ci 

• 1 

22 

100  ng/nl 

Nystatin 

38 

200  " 

h 

24 

300  " 

it 

11 

L.  gip.ar.tcur  ves  grown  on  ?YG  agar  supple- 
mented with  soy  oii  and  the  various  drugs 
were  added  directly  in  the  agar. 
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i 

f 

v 

K 

| 
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TABLE  5 

The  effect  of  sterols  on  zoospore  production  by 
L.  gtgnnteun  measured  by  bioassay  on  Culex  sp. 


Nature  of  sterol  supplement 

f of  trials 

% Infection 
3rd  day 

cholestan  3$-ol 

2 

14.2,  38 

cholcsteryl  disodium  phosphate 

2 

29,  83 

cholesteryl  dihydro2on 
phosphate 

2 

16.2,  28 

cholestan  33,  6a  dioi 

1 

4.5 

sitosteryl  glucoside 

3 

35,  65,  68 

sitosteryl  triol 

1 

73 

sitosteryl  dihydrogen 
phosphate 

1 

55 

sitosteryl  triol  diformate 

1 

70 

Substances  were  added  ns  described  previously  in  text. 
See  also  Table  2. 


Mr,.  11.  Moosa,,  .an  Donors  biology  student,  lias  been  .studying  the  problem 
iof  .ammonium  ion  utilization.  This  lias  .turned  out  .to  be  a .rather  .tricky 
.one.,  ;s'inc.e  often  enough  we  .get  .no  (growth  .on  .ammonium  sulfate  .even  after 
28  .days.,  .-although  it  .has  .grown  in  ,-a  time  .period  .as  short  as  .ten  .days,.  This 
{problem  is  of  ;sbma  importance  .because  .the  organism  .can  survive  in  open 
.waters  .provided  it  ;has  enough  .catalytic  material.  ,We  are  uncertain  aL  this 
ItvJme  <of  the  nature  of  "factor  :X"  the  ''catalytic  .material"  (but  .we  .are 
(proceeding  .with  ,a  number  of  .substances.  Of  interest  is  the  fact  that 
yeast  -.extract  .helps  this  ;growth  .and  it  may  -.be  related  .to  a vitamin,. 

More  .recent  studies  demonstrate  .that  -oil  is  .extremel-y  (helpful  ior  nitrogen 
, -assimilation. 


lb,.  iKungal  exocellular  protease 

Mr,.  ;D„  Dean  lhas  isolated  the  enzyme  by  disc  gel  electrophoresis  and 

:shown  it  to  be  ,c  .complex  .of  seven  different  proteins.  Only  tone  band  shows 

«# 

ienzymic  activity  which  is  very  Ihelpful  for  its  further  isolation  and  identi- 
fication. further  work  lias  nhown  .that  the  artificial  substance  TAME, 
v(Iosyl  :L-?arginine  methyl  ester))  is  hydroluzed  by  the  -enzyme  and  in  addition 
the  -enzyme  is  inhibited  ;by  :soy  'bean  trypsin  inhibitor..  In  fact  all  the 
.details.,  .properties  and  chare  terj.stic:.  of  this  enzyme  show  that  this 
enzyme  can  also  .be  classed  as  a '"trypsin-like"  substance.  ".Work  is  procoedin; 
c .1  this  subject  with  the  Intention  of  ehai  acter izalion  and  determination 


(of  its  (Structure. 


Ill 


3..  :Mosqui  to  {proteases 
a.  Puri  fixation 

5* 

»A  inew  purification  procedure  lias  been  .evolved  which  gives  a lax  .better 
yield  of  jproteases,  and  higher  specific  activity,.  The  .procedure  is  applicable 
tto  lAeues  .epactius  .or  Culax  ,pipi ens  r.'ith  .equal  .ease,  .and  .the  assay  {procedure 
involves  .use  .of  Asocoll,  .and  an  insoluble  .dye  .which  is  solubilised  .by  the 
ensvrae  >to  a axed  -color  .measured  at  320  -nm.  .A  sunit  is  .defined  as  '.that 
quantity  .of  <enzyrae  which  .gives  a -change  -of  0.1  at  520  inn  in  30'.,  :at  .30  ;; 
specific  activity  is  uni  Is /rag  protein.  Typical  fractionation  is  shown  in 
Table  5 for  Aedcs  sp,. 
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lb*  Mature  iof  the  -protease 

The  purified  preparation  if, com  .above  Is  extraordinarily  potent  at  :pll 
H*(05.,  which  is  Its  optimum  .activity,,  and  .at  this  :pT!  there  is  absolutely’ 
mo  .classical  .chymo trypsin  . or  trypsin  activity  (see  Tang  and  Davies)*  Both 
.of  these  enzymes  :had  .been  demonstrated  previously  by  =us  and  their  activity 
■.was  found  to  ibe  restricted  between  pH  range  of  (6*8  to  ;8.0  It  turns  out 
mow  that  this  is  a mew  enzymefs).,  .which  (has  previously  been  unxeported*  The 
..enzyme  is  very  stable,  since  It  has  (been  (kept  in  water  solutions  for  several 
;months  at  —7°,.  Its  .temperature  of  deoaiuration  is  .60°  .without  .substrate., 

;and  =ca  90°  in  the  .presence  of  substrate.  iBo.tU  Aedes  and  Gules  spp*  have 
(been  .shown  to  possess  this  enzyme. 

c.  (Effect  of  inhibitors 

The  information  supplied  here  in  is  .applicable  to  enzyme  from  either 
.species  .and  a {pH  .of  11*05  was  used  throughout  .(see  Table  6),. 

.At  this  time*  the  data  indicates  that  this  is  a trypsin  like  enzyme 
sWliich  .does  .not  (hydrolyze  TAME,  an  arginine  derivative.,  furthermore  the 
properties  ;of  this  enzyme  are  -vary  similar  to  the  hornet  .midgut  protease 
reported  by  Hagenmarer  in  that  the  enzyme  is  strongly  alkaline  and  is 
inhibited  by  trypsin  inhibitors*  Table  (7  shows  the  substrates  which  are 
'hydroloy.zed  ;by  this  enzyme* 

,d*  Development  in  growing  mosquito  populations 

Doth  chymo  trypsin  and  trypsin  activities  were  followed  i.r.  the  develop- 
ing Aedes  larvae  from  first  instar  to  pupation.  Both  enzymes  attain  a high 
level/larvae  at  late  third  instar  to  middle  fourth  ins La r and  then  drop 
to  a non-nteasurabJ  e level  . Tin.  alkaline  trypsin  like  enzyme  shows  i dentical 
.patterns  in  both  Culcx  nipieur-  and  Aedes  epactiur...  1‘here  is  no  evidence  as 
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yet  that  the  fungal  enzyme  is  involved  in  infection  to  ar.y  degree..  In  fact, 
in  tie  infected  larvae  of  Aedes  and  Culex , die  "trypsin- like"  protease  stays 

very  high  and  is  not  significantly  dj  H cm  ent  frojr.  controls.  The  fungal 

« 

enzyme  has  an  8.5  pH  optimum  and  shows  no  activity  at  pH  31.05,  we  are  thus 
forced  to  conclude  that  it  has  no  role  in  the  post- infection  pathology. 

That  it  tnay  be  involved  in  initiation  of  in fee lion  by  zoospore  penetration 
.through  the  cuticle  is  yet  to  be  demonstrated. 
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Table  6-  Inhibitors  of  the  alkaline  protease  of  Cul er.  sp*  and  Aedes  sp* 
larvae* 


Substance 

% Inhibition 

0 

0% 

ED1A  — (0.001M) 

58 

£DIh  - (0* 005M) 

81 

cysteine  JICL  - (0.001M) 

0 

" *’  - (0..01M) 

20 

Phenyl-methane  sulfonyl 

44 

fluoride  ( 0 . 001M) 

Soy  bean  trypsin  inhibitor 

100 

(Img/ml) 

tosyl-  L-t—  alanyl  chloromethane 

0 

(IP CM  — 0*  001M) 

i 

I 

< 

I 

% 


! 


t 

% 

6 

■{ 

I 


i 


injttjWHittwniwjyfeM 
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table  7.  Substrates  of  the  alkaline  protease  of  Culca;  sp.  and  Aedcs  sp. 
larvae, 

5ubs£anee 

Azocoll 

Casein 

Hemoglobin 

Benzoyl  L-arginyl 

p-ni£roamlide 
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4.  Mosquito  sterols 

We  have  initiated  investigations  into  the  nature  of  the  steroids 
present  in  third  and  fourth  instar  mosquito  larvae.  This  work  has  never 
been  done  to  the  best  of  our  knowledge  and  is  of  critical  importance 
from  the  standpoint'  of  infection.  \t  this  time  we  have  detected  two  unknown 
steroids  and  a sterol  which  is  similar  to  cholesterol  but  not  the  same 
substance.  Also,  we  have  detected  no  difference  in  steroidal  character 
in  infected  vs.  uninfected  larvae. 
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